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纳米 Al2O3 对磷酸根离子和腐殖酸，以及腐殖酸-纳米 Al2O3 复合物对磷酸根离子
的吸附特征，分析了吸附质初始浓度、pH 值和盐度等因素对吸附过程的影响，
初步探讨了影响吸附的机理，旨在揭示纳米 Al2O3 在海水中的行为和归宿，为纳
米 Al2O3 在海洋环境中的迁移转化提供理论依据，主要研究内容和结论如下： 
（1）紫外-可见分光光度法对浓度在 100.00 mg/L 以下的纳米 Al2O3分散液
测定可靠，检出限为 0.93×10-3 mg/L。在人工海水（ASW）中，纳米 Al2O3 在 pH
为 7.31 沉降最快，沉降速率分别是 pH 为 8.03、6.57 和 8.97 时的 1.1、1.3 和 2.1
倍；盐度由 0.20‰增大到 31.50‰，沉降速率增大 3.2 倍；纳米 Al2O3浓度由 10.00 
mg/L 增大到 100.00 mg/L，沉降速率增大 2.7 倍；纳米 Al2O3 在天然海水（NSW）
中的沉降速率较 ASW 中快 1.1 倍。 
（2）纳米 Al2O3 吸附磷酸根离子或腐殖酸，以及腐殖酸-纳米 Al2O3复合物
吸附磷酸根离子的反应均符合准二级吸附动力学（R2>0.99）。在 NSW 中，纳米
Al2O3 对磷酸根离子、HA1 和 HA2 的平衡吸附量 qe 分别为 0.13、75.19 和 62.50 
mg/g；30%HA1-Al2O3 和 30%HA2-Al2O3 对磷酸根离子的 qe 分别为 0.085mg/g 和
0.079 mg/g。 




过程，而温度对腐殖酸-纳米 Al2O3 复合物吸附磷酸根离子的过程影响并不明显。 
（5）吸附剂投加量提高 160倍，纳米Al2O3、30%HA1-Al2O3和 30%HA2-Al2O3
对磷酸根离子的吸附量分别降低 10、6.7 和 4.3 倍，吸附率分别提高 13.8、26.5
















64.5 和 63.1 倍，吸附率分别提高 1.5 和 1.6 倍。 
（6）纳米 Al2O3 对磷酸根离子的吸附量在 pH 为 6.05~6.95 时随 pH 增大降
低 28.5%，此时主要为静电吸附；pH 由 6.95 提高至 8.91，吸附量只降低 6.7%，
此时主要为范德华作用力。pH 为 5.75~9.17，纳米 Al2O3对 HA1 和 HA2 的吸附
量分别降低 20.5%和 27.7%，吸附作用包括静电作用和配位体交换。pH 由 5.75
变为 8.03，随 pH 增大，30%HA1-Al2O3 和 30%HA2-Al2O3 对磷酸根离子的吸附
量分别减少 32.1%和 31.7%，此时吸附主要为静电吸附；pH 由 8.03 提高至 9.17，
30%HA1-Al2O3 和 30%HA2-Al2O3 的吸附量分别只降低 0.7%和 0.2%，此时主要
吸附作用力为范德华力。 
（7）盐度由 0.20‰增大到 31.50‰，纳米 Al2O3、30%HA1-Al2O3 和
30%HA1-Al2O3 对磷酸根离子的吸附量分别降低 50.0%、46.1%和 45.3%，吸附以
物理吸附为主。盐度为 0.20‰~10.00‰，纳米 Al2O3对 HA1 和 HA2 的吸附量分
别增加 2.9 和 8.0 倍；盐度为 10.00‰~31.50‰，其对 HA1 和 HA2 的吸附量均只




















Dispersion, sedimentation, conversion and migration way of nanomaterials can 
affect their fates in seawater. In this paper, we chose nano-Al2O3 for the research, 
established the method of detecting nano-Al2O3 content in artificial seawater by 
Ultraviolet-visible Spectrophotometry(UV-vis), and discussed the sedimentation 
behavior in seawater. And then we discussed the adsorption characteristics of 
nano-Al2O3 in perspectives of dynamics and isothermal adsorption, analyzed the 
effects of initial content, pH, salinity and so on. The behavior and end-result of 
nano-Al2O3 in seawater had been preliminarily revealed. Main contents and 
conclusions of this paper were as follows: 
(1) Nano-Al2O3 dispersion can be detected reliably by UV-vis under 100 mg/L, 
and the detection limit was 0.93×10
-3
 mg/L. In artificial seawater(ASW), nano-Al2O3 
dispersion had the fastest sedimentation rate when pH was 7.31, which was 1.1, 1.3 
and 2.1 times higher than that when pH were 8.03, 6.57 and 8.97 respectively. With 
increasing salinity from 0.20‰ to 31.50‰, sedimentation rate of nano- Al2O3 
increased 3.2 times. As the concentration of nano- Al2O3 increased from 10.00 mg/L 
to 100.00 mg/L, sedimentation rate increased 2.7 times. Sedimentation rate of 
nano-Al2O3 in natural seawater(NSW) was 1.1 times faster than it was in ASW.  
(2) The kinetic studies showed that the pseudo second-order rate equation could fit 
the adsorption of phosphate or humic acid by nano-Al2O3 as well as the adsorption of 
phosphate by compounds of humic acid and nano-Al2O3 very well(R
2
>0.99). In ASW, 
the equilibrated adsorption capacity(qe) from nano-Al2O3 to phosphate was 0.13 mg/g, 
and to HA1 and HA2 were 75.19 mg/g and 62.50 mg/g respectively. qe from 
30%HA1-Al2O3 and 30%HA2-Al2O3 to phosphate were 0.085mg/g and 0.079 mg/g 
respectively. 
(3) The adsorption of phosphate or humic acid by nano-Al2O3 as well as the 
adsorption of phosphate by compounds of humic acid and nano-Al2O3 fitted well with 
Langmuir adsorption model(R
2
>0.99), indicated that the adsorptions conformed to the 
















(4) The adsorption of phosphate by nano-Al2O3 was a exothermic process, and 
adsorption of humic acid by nano-Al2O3 was endothermic. Adsorption of phosphate 
by compounds of humic acid and nano-Al2O3 were not much affected by temperature. 
(5)As the dosages of adsorbents increased 160 times, adsorbing capacities of 
phosphate by nano-Al2O3, 30%HA1-Al2O3 and 30%HA2-Al2O3 decreased 10, 6.7 and 
4.3 times, and adsorption rates increased 13.8, 26.5 and 41.1 times respectively. The 
dosages of nano-Al2O3 increased 100 times, adsorbing capacities of HA1 and HA2 
decreased 64.5 and 63.1 times, and adsorption rates increased 1.5 and 1.6 times 
respectively.  
(6) With increased pH of 6.05~6.95, adsorbing capacity of phosphate by 
nano-Al2O3 decreased of 28.5%, and the adsorption was mainly controlled by 
electrostatic forces. As pH increased from 6.95 to 8.91, adsorbing capacity only 
decreased of 6.7%, van der Waals' forces played a main role in the adsorption. With 
pH of 5.75~9.17，adsorbing capacities of HA1 and HA2 decreased of 20.5% and 
27.7% respectively, the adsorptions were mainly controlled by electrostatic forces and 
ligand exchange. With increased pH of 5.75~8.03, adsorbing capacities of phosphate 
by 30%HA1-Al2O3 and 30%HA2-Al2O3 decreased of 32.1% and 31.7% respectively, 
and the adsorptions were mainly controlled by electrostatic forces. As pH increased 
from 8.03 to 9.17, adsorbing capacities only decreased of 0.7% and 0.2%, van der 
Waals' forces played a main role in the adsorptions.  
(7) With increasing salinity from 0.20‰ to 31.50‰，adsorbing capacities of 
phosphate by nano-Al2O3, 30%HA1-Al2O3 and 30%HA2-Al2O3 decreased of 50.0%, 
46.1% and 45.3% respectively. Results indicated that the physical adsorption was the 
dominating factor. With salinity of 0.20‰~10.00‰, adsorbing capacities of HA1 and 
HA2 by nano-Al2O3 increased 2.9 times and 8.0 times respectively. With salinity of 
10.00‰~31.50‰, adsorbing capacities of HA1 and HA2 both increased 1.1 times, the 
mechanism of adsorptions included electrostatic interactions. 
 














第 1 章 绪论 
1 
 
第 1 章 绪论 
1.1 纳米材料的定义和分类 
1.1.1 纳米材料的定义 
纳米是一种长度单位，1 nm=10-9 m。根据 2011 年 10 月 18 日欧盟委员会通
过的定义，纳米材料指的是一种由基本颗粒组成的粉状或团块状材料，这一基本





火山喷发和海底热液活动都会有纳米颗粒生成（Aiken, 1884; Luther et al., 2005），
而那些人类有意识合成得到的具有特殊物理化学性质的纳米材料被称为人工纳
米 材 料 （ Manufactured Nanomaterials ） 或 工 程 纳 米 材 料 （ Engineered 
Nanomaterials）。由于人工纳米材料具有特殊的表面性质，已经成为越来越多的
研究者们重点研究的对象（Auffan et al., 2009; Loosli et al., 2013）。 
 
表 1-1 纳米材料的来源（Oberdrster et al., 2005） 
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